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(54) MAGNETIC STORAGE DEVICE AND INTRASURFACE MAGNETIC RECORDING MEDIUM 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic storage device having ≥3 
gigabit/in2 recording density and high reliability and to provide an intrasurface 
recording medium essential for the device generating a low medium noise and almost 
independent of thermal fluctuation. 

SOLUTION: The reproduction part of the magnetic head of a magnetic storage device is 
formed with a magnetoresistance effect type head. The magnetic layer of an intrasurface 
magnetic recording medium is provided with a two-layered structure consisting of 1st 
and 2nd magnetic layers 53, 54 different from each other in compsn., so that the concn. 
of Pt in the 1st magnetic layer 53 coming in contact with the underlayer 52 is made 
higher than that in the 2nd magnetic layer 54 formed on the 1st magnetic layer 53 and 
the concn. of Cr in the 1st magnetic layer 53 is made lower than that in the 2nd magnetic 
layer 54. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] The magnetic-recording medium within a field which has the magnetic layer formed through the substratum layer on 
the substrate, The magnetic head equipped with the mechanical component which drives the aforementioned magnetic-recording 
medium within a field in the record orientation, and the Records Department and the regeneration section, In the magnetic 
storage which has a means to make the aforementioned magnetic head motion relatively to the aforementioned 
magnetic-recording medium within a field, and a record regenerative-signal processing means for performing output signal 
regeneration from the signal input and the aforementioned magnetic head to the aforementioned magnetic head The regeneration 
section of the aforementioned magnetic head consists of the magnetoresistance-effect type magnetic head, and it has the 
two-layer structure from which composition of the magnetic layer of the aforementioned magnetic-recording medium within a 
field is different. And magnetic storage to which Pt concentration of the first magnetic layer which touches a substratum layer is 
characterized by the high thing compared with Pt concentration of the second magnetic layer formed on the first aforementioned 
magnetic layer. 

[Claim 2] Magnetic storage of the claim 1 publication to which Cr concentration of the first aforementioned magnetic layer is 
characterized by the low thing compared with Cr concentration of the second aforementioned magnetic layer. 
[Claim 3] The claim 1 to which the thickness of the first aforementioned magnetic layer is characterized by lnm or more being 
8nm or less, or magnetic storage given in two. 

[Claim 4] The claims 1 and 2 characterized by having the magnetic-reluctance sensor by which the aforementioned 
magnetoresistance-effect type magnetic head contains two or more conductive magnetic layers which produce a big resistance 
change when the mutual magnetization orientation changes with external magnetic fields relatively, and the conductive 
non-magnetic layer arranged between the aforementioned conductive magnetic layers, or magnetic storage given in three. 
[Claim 5] The magnetic-recording medium within a field by which Pt concentration of the first magnetic layer which has the 
two-layer structure from which composition of the aforementioned magnetic layer is different in the magnetic-recording medium 
within a field which has the magnetic layer formed through the substratum layer on the substrate, and touches a substratum layer 
is characterized by the high thing compared with Pt concentration of the second magnetic layer formed on the first 
aforementioned magnetic layer. 

[Claim 6] The magnetic-recording medium within a field of the claim 5 publication whose Cr concentration of the first 
aforementioned magnetic layer is characterized by the low thing compared with Cr concentration of the second aforementioned 
magnetic layer. 

[Claim 7] The claim 5 to which the thickness of the first aforementioned magnetic layer is characterized by lnm or more being 
8nm or less, or the magnetic-recording medium within a field given in six. 
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DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to magnetic storage and the magnetic-recording medium 
within a field, and relates to the magnetic storage which has recording density 3 gigabits [ per 1 square inch ] or more especially, 
and the magnetic-recording medium within a field for realizing this. 
[0002] 

[Prior art] The increase of the amount of information which a computer treats is being enhanced, and the magnetic disk unit 
which is external storage is asked for the more and more large capacity-ization. The magnetic disk unit which now has the 
recording density of the 1 gigabit class per a maximum of 1 square inch has come to be produced commercially. The Records 
Department and the regeneration section are divided into the magnetic head of such a high-density magnetic disk unit, and the 
compound-die head which used the electromagnetic-induction type magnetic head for the Records Department, and used the 
magnetoresistance-effect type head for the regeneration section is adopted. A magnetoresistance-effect type head can obtain 
sufficient regeneration output, even when a record bit makes it minute since regeneration photographic sensitivity is high, and a 
magnetic leakage flux decreases compared with the conventional electromagnetic-induction type head. Furthermore, a 
development of the spin bulb type huge magnetoresistance-effect type head which raised regeneration photographic sensitivity is 
also progressing. 

[0003] On the other hand, that to which a magnetic-recording medium changes from Co alloy magnetic layers, such as CoNiCr, 
CoCrTa, and CoCrPt, and Cr substratum layer which controls the crystal stacking tendency of a magnetic layer is used. In order 
to take the roppo maximum dense (hep) structure which makes c axis an easy axis and to use as a magnetic-recording medium 
within a field, as for Co alloy magnetic layer, it is desirable to turn c axis in a field. Then, Cr substratum layer which takes body 
center cube (bec) structure first is formed on a substrate, Co alloy magnetic layer is grown epitaxially on it, and the technique of 
turning c axis in a field is used. Moreover, since CoCrPt alloy with a big lattice constant is used for the magnetic layer of a 
high-density record medium which needs high coercive force, add Ti and V to Cr, a lattice spacing is made to increase, the grid 
adjustment with a magnetic layer is raised, and the technique of turning c axis in a field more is proposed (a 
Provisional-Publication-No. 257618 [ 62 to ] official report, Provisional-Publication-No. 197018 [ 63 to ] official report). 
[0004] A medium is asked for low noise-ization more than the former, in order to reproduce not only the signal of a medium but 
a noise to a high sensitivity, when a magnetoresistance-effect type head is used for the reproducing head. The medium noise 
mainly originates in turbulence of the magnetization in the magnetization transition region between record bits, and narrowing 
this field leads to a reduction of a medium noise. It is effective in this to make magnetic grain detailed, and to weaken the 
interaction between grain, and to make a flux reversal size small Since the epitaxial relation is realized between the magnetic 
layer and the substratum layer as mentioned above,-izing of the magnetic grain can be carried out [ detailed ] by making 
substratum grain detailed. Moreover, a reduction of the interaction between grain becomes possible by making high Cr 
concentration and **** temperature of a magnetic layer, and carrying out the segregation of the nonmagnetic Cr to a grain 
boundary. 
[0005] 

[Object of the Invention] However, since it corresponds to high recording density-ization, when a magnetic layer is made thin, it 
is posing a problem that magnetization becomes unstable thermally by too much detailed-ization of magnetic grain, and the 
recorded signal declines with time, this invention is made in order to solve the above-mentioned trouble. The medium noise the 
magnetic storage which has a high reliability by recording density 3 gigabits [ per 1 square inch ] or more, and for realizing it is 
low, and it aims more concrete at offering the magnetic-recording medium within a field seldom influenced of heat fluctuation. 
[0006] 

[The means for solving a technical problem] The magnetic-recording medium within a field which has the magnetic layer formed 
through the substratum layer on the substrate in this invention, The magnetic head equipped with the mechanical component 
which drives the magnetic-recording medium within a field in the record orientation, and the Records Department and the 
regeneration section, In the magnetic storage which has a means to make the magnetic head motion relatively to the 
magnetic-recording medium within a field, and a record regenerative-signal processing means for perfonning output signal 
regeneration from the signal input and the magnetic head to the magnetic head Constitute the regeneration section of the 
magnetic head from the magnetoresistance-effect type magnetic head, and it considers as the two-layer structure from which 
composition of the magnetic layer of the magnetic-recording medium within a field is different. And the aforementioned purpose 
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is attained by making high Pt concentration of the first magnetic layer which touches a substratum layer compared with Pt 
concentration of the second magnetic layer formed on the first magnetic layer. 

[0007] Cr concentration of the first magnetic layer has low desirable one compared with Cr concentration of the second magnetic 
layer. Moreover, the thickness of the first magnetic layer may be lnm or more 8nm or less. The magnetoresistance-effect type 
magnetic head can also be equipped with the magnetic-reluctance sensor containing two or more conductive magnetic layers 
which produce a big resistance change, and the conductive non-magnetic layer arranged between conductive magnetic layers 
when the mutual magnetization orientation changes with external magnetic fields relatively. 

[0008] The alloy which makes Co a principal component can be used for the magnetic layer of the magnetic-recording medium 
within a field for CoCrPt, CoCrPtTa, CoCrPtNi, CoCrPtTi, etc. Since high coercive force is obtained easily highly, as for Co 
alloy with which Pt was added, the anisotropy field is suitable for the high-density record. However, with Pt addition, in order for 
coercive force to tend to increase, it needs to choose Pt concentration in accordance with the write-in capacity of a record head. 
[0009] Although according to this invention person's etc. study it is necessary to make a magnetic layer thin since it corresponds 
to high recording density-ization, when a magnetic layer is thin, the signal recorded as shown in drawing 1 comes to decline with 
time. Too detailed grain exists in the initial growth section of the magnetic layer grown epitaxially on the substratum layer, and 
this is considered for these to swing thermally. Such a heat fluctuation phenomenon is the magnetic-anisotropy constant Ku. It 
will happen, if product Ku and V of volume V of magnetic grain become small to the grade which can be measured with heat 
energy kB and T. If (Ku and V)/(kB and T) becomes about 60 according to IEEE TRANSACTIONS ON MAGNETICS, the 
30th volume, and 4230 - 4232 pages (1994), the influence of heat fluctuation will become remarkable. 

[0010] In order to suppress the influence of such heat fluctuation, when this invention person etc. examined the medium to which 
Pt concentration of a magnetic layer was changed, by making Pt concentration high, as shown in drawing 1 showed that he could 
suppress decrement of a signal. Drawing 1 is drawing showing the aging of a regeneration output, and its aging of a regeneration 
output decreases as it raises Pt concentration of a magnetic layer with 12at% (**) 8at% (** shows all over drawing) to 10at% 
(O). This is the magnetic-anisotropy constant Ku in Pt concentration. It becomes large, the value of (Ku and V)/(kB and T) can 
be made high, and, as a result, it is considered because the influence of heat fluctuation can be suppressed. However, if Pt 
concentration is made high, coercive force will become large, and the problem that sufficient overwrite property is not acquired 
in record regeneration arises. 

[001 1] When this invention persons examined various medium structures so that the influence of heat fluctuation might be 
suppressed and a good overwrite property could be acquired, they found that it was effective to consider a magnetic layer as a 
bilayer configuration and to make high Pt concentration of the first magnetic layer which touches a substratum layer compared 
with Pt concentration of the second magnetic layer formed on it. Making Pt concentration of the first magnetic layer high has the 
effect of suppressing detailed grain swinging thermally in the excess of the initial growth section of a magnetic layer, and the 
value of coercive force can be optimized by making Pt concentration of the second magnetic layer low. Furthermore, Cr 
concentration of the first magnetic layer can be made low compared with Cr concentration of the second magnetic layer, and the 
above-mentioned effect can be raised by leaving the suitable exchange interaction between grain. That is, detailed grain can be 
magnetically combined with the excess of the initial growth section of a magnetic layer, and the influence of heat fluctuation can 
be suppressed by making a substantial flux reversal size larger than grain size. Therefore, as for the thickness of the first 
magnetic layer, it is desirable to make it of the same grade as the thickness of the initial growth section of a magnetic layer. 
[0012] Although it depends for the thickness of the initial growth section on the combination, a **** process, etc. of a 
substratum layer and a magnetic layer, since it is about 5nm even when the thickest, as for the thickness of the first magnetic 
layer, it is desirable to be referred to as 5nm or less. Moreover, as for the thickness which united the first magnetic layer and the 
second magnetic layer, it is desirable to be referred to as 15nm or less from the point which makes resolution of a medium high. 
[0013] In this invention, it is necessary to turn the c axis of a magnetic layer in a film surface. Such crystal orientation has bcc 
structure, and when the (100) field forms a magnetic layer on a substratum layer parallel to a film surface in general, it is 
acquired. As a material of the substratum layer which has bcc structure, it is desirable to choose from Cr alloys, such as Cr, and 
CrTi, CrV, CrMo, CrTa, etc. When using Cr alloy, the problem from which the crystal orientation of a wish is hard to be 
acquired with the substrate to use or the addition of Ti, V, Mo, and Ta arises. In this case, bcc substratum layer can be made into 
a bilayer and the crystal orientation of a wish can be acquired by growing epitaxially epitaxially second bcc substratum layer 
which used Cr alloy on it, using Cr as first bcc substratum layer. 

[0014] It is the aluminum-Mg substrate which needs to use the thing excellent in surface smooth nature and by which NiP was 
specifically formed in the front face as a substrate, a glass substrate, and Si02. A substrate, SiC substrate, a carbon substrate, etc. 
can be used. Moreover, the reliable magnetic-recording medium within a field is obtained by forming carbon with a thickness of 
10-30nm, and forming lubricating layers, such as a perfluoro alkyl polyether, by the thickness of 2-20nm further as a protection 
layer of a magnetic layer. Moreover, slide-proof nature and corrosion resistance can be improved by using carbon, carbonization 
silicon, etc. which were hydrogenated as a material of a protection layer. 

[0015] Until now, many magnetic-recording mediums which made the magnetic layer the bilayer or the multilayer are reported. 
For example, in the magnetic-recording medium currently indicated by the publication-number 147660 [ eight to ] official report, 
a magnetic layer is made into a bilayer, the first magnetic layer is formed with CoCrTa alloy, and the second magnetic layer is 
formed with CoCrPtTa alloy. In this case, CoCrPtTa alloy with high coercive force is used for the second magnetic layer, and the 
thickness of the second magnetic layer is set to 2-6nm. To it, by the magnetic-recording medium of this invention, Pt is added, 
moreover, Pt concentration of the first magnetic layer is high compared with Pt concentration of the second magnetic layer, and 
the bilayers of a magnetic layer differ at the point which makes the thickness of the first magnetic layer thin with l-8nm. 
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[0016] Furthermore, in a publication-number 147660 [ eight to ] official report, the roles of the second magnetic layer which 
added Pt essentially differ by the magnetic-recording medium of this invention to being suppression of the coercive force fall of 
the first magnetic layer which used CoCrTa alloy in that the role to which Pt concentration suppresses the influence of heat 
fluctuation to the first high magnetic layer is given. That is, with a layer configuration like this conventional example, although it 
is effective in suppressing decrement of the regenerative signal by the heat fluctuation which poses a problem by the 
magnetic-recording medium of this invention when a magnetic layer is made thin, even if it can make coercive force high, such 
an effect is not expectable. 

[0017] Moreover, although there is a magnetic-recording medium which made the magnetic layer the bilayer laminated structure 
of a soft-magnetism layer and a hard magnetism layer as indicated by the publication-number 77544 [ eight to ] official report, 
for example, the magnetic layer of this invention differs from such a conventional example in that a bilayer is hard magnetism. If 
a soft-magnetism layer is contained in a magnetic layer, the problem possibility that a medium noise will increase by the strong 
exchange interaction is high, and further become easy to be influenced of the magnetic field from the exterior will also be 
produced. 

[0018] Moreover, there is a magnetic-recording medium which divided the magnetic layer by nonmagnetic interlayers, such as 
Cr, as indicated by the publication-number 243454 [ six to ] official report, the publication-number 34251 1 [ six to ] official 
report, the publication-number 349047 [ six to ] official report, etc., for example. Since this nonmagnetic interlayer weakens the 
exchange interaction between the divided magnetic layers, a flux reversal size becomes small and, as a result, he can reduce a 
medium noise. 

[0019] However, the static magnetism interaction is working between the divided magnetic layers, and if a flux reversal size 
becomes small to the grade influenced of heat fluctuation, magnetization may be negated according to this negative interaction, 
as indicated by IEEE TRANSACTIONS ON MAGNETICS, the 30th volume, and 4230 - 4232 pages (1994). Since the direct 
laminating is carried out, without dividing a magnetic layer by the non-magnetic layer by the magnetic-recording medium of this 
invention to it, the moderate exchange interaction is working between magnetic layers, and it is hard to be influenced of heat 
fluctuation. 

[0020] As mentioned above, although it is not expectable to suppress the influence of the heat fluctuation actualized when a 
magnetic layer is made thin by the magnetic-recording medium using the conventional multilayer magnetic layer, since the 
magnetic-recording medium of this invention has the effect which suppresses the influence of heat fluctuation, it can use a 
magnetic layer in a thinner field, and, as a result, can realize high resolution. 

[0021] The magnetic-reluctance sensor section of the magnetic-reluctance type magnetic head for regeneration used for the 
magnetic storage of this invention is formed between the shield layers of two sheets which consist of a soft magnetism from 
which only distance 0.35 micrometers or less was separated mutually. Since resolution will fall if the spacing of the 
aforementioned shield layer is made larger than 0.35 micrometers, it is not desirable. As a magnetic properties of the 
magnetic-recording medium within a field, product Brxt of thickness t of a magnetic layer, and the residual magnetic flux density 
Br which impressed and measured the magnetic field in the relative run orientation of the magnetic head to the 
magnetic-recording medium within a field at the time of a record More than lOGmicrometer If it considers as less than 
130Gmicrometer ] and coercive force He which impressed and measured the magnetic field in the still same orientation as the 
magnetic-field impression orientation is set to 2 or more kOes, a magnetization transition region will become narrow and a 
medium noise will decrease. Since resolution will fall if sufficient regeneration output will not be obtained if Brxt is made 
smaller than lOGmicrometer, and it is made larger than 130Gmicrometer, it is not desirable. Moreover, since the regeneration 
output in the high recording density of 200 or more kFCIs will decline sharply if coercive force is made smaller than 2kOes, it is 
not desirable. 

[0022] Furthermore, since a regenerative signal can be raised by constituting by the magnetic-reluctance sensor containing two 
or more conductive magnetic layers which produce a big resistance change when the mutual magnetization orientation changes 
the aforementioned magnetoresistance-effect type magnetic head with external magnetic fields relatively, and the conductive 
non-magnetic layer arranged between these conductive magnetic layers, the magnetic storage which has a high reliability by 
recording density 3 gigabits [ per 1 square inch ] or more is realizable. 
[0023] 

[Gestalt of implementation of invention] Hereafter, the gestalt of enforcement of this invention is explained. 
The mimetic diagram and verticval mimetic diagram of magnetic storage which were used by the [example 1] this example are 
shown in drawing 2 (a) and drawing 2 (b). This equipment is the magnetic storage with the configuration of the common 
knowledge which comes to have the magnetic-recording medium within a field 2 1 , the mechanical component 22 which carries 
out the rotation drive of this, the magnetic head 23 and its drive means 24, and the record regenerative-signal processing means 
25 of the aforementioned magnetic head. 

[0024] The ** type view of the structure of the magnetic head used for this magnetic storage is shown in drawing 3 . This 
magnetic head is a record regeneration discrete-type head which combined the electromagnetic-induction type magnetic head for 
a record and the magnetoresistance-effect type head for regeneration which were formed on the magnetic-head slider substrate 
37. The magnetic head for a record is induction-type thin film magnetic head which consists of a coil 33 interlinked to the record 
magnetic poles 3 1 and 32 of a couple, and it, and the gap thickness between record magnetic poles could be 0.3 micrometers. 
Moreover, both the magnetic poles 32 are the magnetic-shielding layer 36 with a thickness of 1 micrometer and a pair, it serves 
also as the magnetic shielding of the magnetic head for regeneration, and the distance between these shield layers is 0.25 
micrometers. The magnetic head for regeneration is a magnetoresistance-effect type head which consists of a 
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magnetoresistance-effect sensor 34 and a conductor layer 35 used as an electrode. In addition, in drawing 3 , the gap layer and 
shield layer between record magnetic poles are omitted. 

[0025] The longitudinal-section structure of a magnetic-reluctance sensor is shown in drawing 4 . The signal-detection field 41 
of a magnetic-reluctance sensor consists of a fraction by which the horizontal bias layer 43, the detached core 44, and the 
magnetic-reluctance ferromagnetism layer 45 were formed one by one on the gap layer 42 of oxidization aluminum. 20nm NiFe 
alloy was used for the magnetic-reluctance ferromagnetism layer 45. Although 25nm NiFeNb was used for the horizontal bias 
layer 43, electric resistance of NiFeRh is comparatively high and it may use the ferromagnetic alloy with a good soft-magnetism 
property. By the magnetic field by which the induction was carried out with the sense current which flows the 
magnetic-reluctance ferromagnetism layer 45, film surface inboard (longitudinal direction) perpendicular to this current is 
magnetized, and the horizontal bias layer 43 impresses a lateral bias magnetic field to the magnetic-reluctance ferromagnetism 
layer 45. This becomes the magnetic sensor from which an alignment regeneration output is obtained to the leakage magnetic 
field from a medium. 

[0026] The thickness could be 5nm at the detached core 44 which prevents the part style of the sense current from the 
magnetic-reluctance magnetic layer 45 using Ta with comparatively high electric resistance. There is taper section 46 processed 
into the taper configuration in the ends of the signal-detection field 41 . The taper section 46 consists of a permanent magnet layer 
47 for forming the magnetic-reluctance magnetic layer 45 into a single magnetic domain, and an electrode 48 of the couple for 
taking out the signal formed on it. A permanent magnet 47 has high coercive force, it is important that the magnetization 
orientation does not change easily, and CoCr, CoCrPt alloy, etc. are used. 

[0027] The layer configuration of the magnetic-recording medium used for drawing 5 by this example is shown. NiP plating of 
outer-diameter [ of 95mm ] phi used for the substrate 51 the aluminum-Mg alloy substrate given to the front face, the substratum 
layer 52 ****** - ****** „ a Cr-15at%Ti alloy layer with a thickness of lOnm -- the first magnetic layer 53 ****** - the lOnm 
carbon layer was continuously formed [ the 3nm Co-22at%Cr-12at%Pt alloy layer ] for the 1 lnm Co-22at%Cr-10at%Pt alloy 
layer by the DC magnetron sputtering method as a protection layer 55 as the second magnetic layer 54 In the partial pressure of 
argon gas, 5mTorrs and injection power made [ **** conditions ] lkW and substrate temperature 300 degrees C. The lubricating 
layer 56 diluted the material of a perfluoro alkyl polyether system with the fluorocarbon material, and applied it. 
[0028] Moreover, what used the magnetic layer 63 as the monolayer as an example of a comparison as shown in drawing 6 was 
produced. The magnetic layer 63 set the thickness to 14nm, and two kinds of composition, a Co-22at%Cr-10at%Pt alloy layer 
(example 1 of a comparison) and a Co-22at%Cr-12at%Pt alloy layer (example 2 of a comparison), was used for it here. 
[0029] The signal was written in the medium of this example and the example of a comparison by the track recording density of 
225kFCIs, and the stability of the recorded signal was investigated by measuring the aging of a regenerative signal. 
Consequently, as shown in drawing 7 , by the medium of the example 1 of a comparison, a regeneration output decreases gently 
with time, and, 120 hours after, most falls of a regeneration output did not accept after 120 hours by the medium of the example 
2 of a comparison, and this example to about 4% of the fall having been seen. This is Ku of the initial growth section with the 
medium of the example 2 of a comparison, and this example to too detailed grain existing in the initial growth section of a 
magnetic layer by the medium of the example 1 of a comparison, and these swinging thermally. Since it is large, the value of Ku 
and V can be enlarged comparatively and it is thought that thermal fluctuation was able to be suppressed as a result. 
[0030] On the other hand, the overwrite property deteriorated by the medium of the example 2 of a comparison to the good 
property having been acquired by the medium of the example 1 of a comparison, and this example, as shown in Table 1 . It has 
high Pt concentration that the overwrite property of the medium of the example 2 of a comparison deteriorated, and it is because 
coercive force is large. Thus, in order to suppress the influence of heat fluctuation and to acquire a good overwrite property, it 
turns out that it is effective to consider a magnetic layer as a bilayer configuration and to use the magnetic layer of high Pt 
concentration for the first magnetic layer. 
[0031] 

[Table 1] 
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Co-22at%Cr-l2at%Pt / Co-22at%Cr-10at%Pt 


40 




Co-22at%Cr-10at%Pt 


43 
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Co-22at%CM2at%Pt 


30 



[0032] It included in the magnetic storage which showed the medium of this example to drawing 2 , and when the conditions of 
30nm of the head flying heights, track-recording-density 260kFCI, and track density 13kTPI estimated record reproducing 
characteristics, equipment S/N of 1.7 was obtained. Moreover, in the 10 to 50 degrees C temperature requirement, record 
regeneration of the input signal to the magnetic head was able to be carried out by 3 gigabits [ per 1 square inch ] recording 
density by performing 8-9 code-modulation processing. And the number of bit errors after 50,000 head seeking examinations 
from inner circumference to a periphery is 10 bits/page or less, and has attained 300,000 hours by mean time between failure. 
[0033] By the same lamination as the medium of the example 1 shown in [example 2] drawing 5 , the aluminum-Mg alloy 
substrate by which NiP plating of outer-diameter [ of 95mm ] phi was given to the front face is used for a substrate 5 1 . A 
Cr-15at%Ti alloy layer with a thickness of lOnm as the first magnetic layer 53 as a substratum layer 52 the Co-22at%Cr-12at%Pt 
alloy layer of thickness xnm (x=0-14) The lOnm carbon layer was continuously formed for the Co-22at%Cr-10at%Pt alloy layer 
of thickness (14-x) nm by the DC magnetron sputtering method as a protection layer 55 as the second magnetic layer 54. In 
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addition, in the case of Co-22at%Cr-10at%Pt with a thickness of 14nm and a Co-22at%Cr-12at%Pt monolayer magnetic layer, 
x= 0 and x= 14 correspond here, respectively. **** conditions and the lubricating layer 56 are the same as that of an example 1. 
[0034] The relation of the magnitude of attenuation 96 hours after the signal written in by the thickness of the first magnetic layer 
and the track recording density of 225kFCIs is shown in drawing 8 (a), and the thickness of the first magnetic layer and the 
relation of an overwrite property are shown in drawing 8 (b), respectively. As shown in drawing 8 (a), even when the thickness of 
the first magnetic layer was as thin as lnm, the reduction effect of the magnitude of attenuation of a regeneration output was 
checked. When set to 3 morenm or more, compared with the case where the first magnetic layer is not used, the magnitude of 
attenuation was able to become very small or less with 1/2, and was able to suppress the influence of heat fluctuation enough. 
[0035] On the other hand, as shown in drawing 8 (b), as for the overwrite property, the first magnetic layer deteriorated gradually 
in the still thick field, although 8nm showed the good property of 35dB or more which is satisfactory practically. Moreover, in 
the field 5nm or less, the especially good overwrite property of 40dB or more was acquired for the thickness of the first magnetic 
layer. As mentioned above, in order to suppress the influence of heat fluctuation and to acquire a good overwrite property, as for 
the thickness of the first magnetic layer, it is desirable that it is [ lnm or more ] 8nm or less. Furthermore, it is desirable to set the 
thickness of the first magnetic layer to 5nm or less, for acquiring a good overwrite property especially. 
[0036] With the same layer configuration as the medium of the example 1 shown in [example 3] drawing 5 , the alurninum-Mg 
alloy substrate by which NiP plating of outer-diameter [ of 95mm ] phi was given to the front face is used for a substrate 51. The 
Co-Cr-1 lat%Pt alloy layer of 3nm of the thicknesss which changed Cr concentration for the Cr-15at%Ti alloy layer of lOnm of 
thicknesss from 16at% to 23at% as the first magnetic layer 53 as a substratum layer 52 The lOnm carbon layer was continuously 
formed for the 14nm Co-22at%Cr-10at%Pt alloy layer by the DC magnetron sputtering method as a protection layer 55 as the 
second magnetic layer 54. **** conditions and the lubricating layer 56 are the same as that of an example 1. 
[0037] The relation of the magnitude of attenuation 96 hours after the signal written in by Cr concentration of the first magnetic 
layer and the track recording density of 225kFCIs is shown in drawing 9 . The magnitude of attenuation of a regeneration output 
became small as Cr concentration of the first magnetic layer was lowered. By lowering Cr concentration, detailed grain combines 
this magnetically at the excess of the initial growth section of a magnetic layer, and a substantial flux reversal size is considered 
that having become large from grain size is shown. 

[0038] Thus, even if it does not make Pt concentration of the first magnetic layer so high, the influence of heat fluctuation can be 
suppressed by lowering Cr concentration and enlarging a flux reversal size, however ~ since a flux reversal size will become 
large beyond the need and a medium noise will increase as a result, if Cr concentration is lowered too much - nonmagnetic — it 
is necessary to combine with **** processes, such as substrate temperature which promotes the segregation of Cr, and to choose 
suitable Cr concentration 

[0039] Composition of the first magnetic layer built the medium of this example of Co-18at%Cr-l lat%Pt into the same magnetic 
storage as an example 1, and when the conditions of 30nm of the head flying heights, track-recording-density 260kFCI, and track 
density 13kTPI estimated record reproducing characteristics, equipment S/N of 1.6 was obtained. Moreover, in the 10 to 50 
degrees C temperature requirement, record regeneration of the input signal to the magnetic head was able to be carried out by 3 
gigabits [ per 1 square inch ] recording density by performing 8-9 code-modulation processing. And the number of bit errors 
after 50,000 head seeking examinations from inner circumference to a periphery is 10 bits/page or less, and has attained 300,000 
hours by mean time between failure. 

[0040] In the magnetic storage with the same configuration as the [example 4] example 1 , a spin bulb type sensor which is shown 
in the magnetic-reluctance sensor 34 at drawing 1 0 was used. The signal-detection field 101 of a magnetic sensor is the structure 
where the Fe-20at%Mn antiferromagnetism alloy layer 107 of the 106 or lOnm of the second magnetic layer of 105 or 3nm of 
Cu interlayers of the 104 or 1.5nm of the first magnetic layer of 103 or 7nm of 5nm of Ta buffer layers was formed one by one 
on the gap layer 102 of oxidization aluminum. Co was used for the second magnetic layer 106 at the first magnetic layer 104 
using the nickel-20at%Fe alloy. 

[0041] On the other hand, magnetization of the second magnetic layer 106 is being fixed to ** by the exchange magnetic field 
from the antiferromagnetism alloy layer 107. On the other hand, the orientation of magnetization of the first magnetic layer 104 
which touches through the second magnetic layer 106 and the nonmagnetic interlayer 105 changes with the leakage magnetic 
fields from the magnetic-recording medium within a field. In connection with change of the relative orientation of magnetization 
of such two magnetic layers, change arises in resistance of the whole layer of three layers. This phenomenon is called spin bulb 
effect. In this example, the spin bulb type magnetic head which used this effect for the magnetoresistance-effect sensor was used. 
In addition, the taper section 108 which consists of a permanent magnet layer 109 and an electrode 1010 is the same as that of 
the magnetoresistance-effect sensor shown in drawing 4 . 

[0042] The medium stated in the example 1 was built into the above-mentioned magnetic storage, and when the conditions of 
30nm of the head flying heights, track-recording-density 260kFCI, and track density 13kTPI estimated record reproducing 
characteristics, equipment S/N of 2.0 was obtained. Moreover, in the 10 to 50 degrees C temperature requirement, record 
regeneration of the input signal to the magnetic head was able to be carried out by 3 gigabits [ per 1 square inch ] recording 
density by performing 8-9 code-modulation processing. And the number of bit errors after 50,000 head seeking examinations 
from inner circumference to a periphery is 10 bits/page or less, and has attained 300,000 hours by mean time between failure. 
[0043] 

[Effect of the invention] The magnetic-recording medium within a field of this invention is Ku of the initial growth section of a 
magnetic layer. Since it can do greatly, it is hard to be influenced of heat fluctuation. Moreover, the magnetic storage which has a 
high reliability by recording density 3 gigabits [ per 1 square inch ] or more is realizable by combining the magnetic-recording 
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medium within a field and magnetoresistance-effect type head of this invention. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 

storage device having ^3 gigabit/in 2 recording density 
and high reliability and to provide an intrasurface 
recording medium essential for the device generating a 
low medium noise and almost independent of thermal 
fluctuation. 

SOLUTION: The reproduction part of the magnetic head 
of a magnetic storage device is formed with a 
magnetoresistance effect type head. The magnetic layer 
of an intrasurface magnetic recording medium is provided 
with a two-layered structure consisting of 1st and 2nd 
magnetic layers 53, 54 different from each other in 
compsn., so that the concn. of Pt in the 1st magnetic 
layer 53 coming in contact with the underlayer 52 is 
made higher than that in the 2nd magnetic layer 54 
formed on the 1st magnetic layer 53 and the concn. of Cr 
in the 1st magnetic layer 53 is made lower than that in 
the 2nd magnetic layer 54. 
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